The National Center for Health Statistics in Hyattsville, Maryland, has maintained the National Death Index (NDI), the most complete source of US vital records, since 1979, with consistently high sensitivity and specificity for death ascertainment (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Other US agencies also maintain death records, including the Social Security Administration (4, 8, 13, 14) , Internal Revenue Service (2), Veterans Administration (2, 15) , and Equifax Nationwide Death Search (9) . The Internet has become an integral part of epidemiologic teaching (16) (17) (18) and research, and remote literature searches, downloaded references, on-line databases and journals, and even Internet-based studies (19) are available. Deaths can also be researched on the Internet; Social Security Administration death information is available for public access from several sites on the World Wide Web (WWW).
Previous reports suggest that the sensitivity and specificity of the NDI may be slightly higher than those of the Social Security Administration files (2, 4, 8, 14, 15) . However, given the differences in cost and time required for NDI and Social Security Administration searches through the WWW, investigators may prefer one search over the other. Therefore, we compared the ability of the NDI and WWW to determine the mortality status of 1,000 subjects from the College Alumni Health Study.
MATERIALS AND METHODS

College Alumni Health Study
The College Alumni Health Study is an ongoing cohort study of men who matriculated as undergraduates at Harvard University (Cambridge, Massachusetts) between 1916 and 1950 and of men and women who matriculated as undergraduates or graduates at the University of Pennsylvania (Philadelphia, Pennsylvania) between 1928 and 1940 (20) . The cohort was established when alumni returned an initial health questionnaire in either 1962 or 1966. Subsequent questionnaires have been sent periodically to update information on subjects' health habits and medical history.
For the present study, we identified all subjects who had not returned a questionnaire in 1993 and, according to our records, were not known to be deceased. We randomly selected 500 men from Harvard University who last returned a questionnaire in 1988 and 250 men and 250 women from the University of Pennsylvania who last returned a questionnaire in 1980. Sample sizes were determined arbitrarily. We then compared the ability of the NDI and WWW to identify the mortality status of these 1,000 subjects.
National Death Index
The NDI is a computerized list of death records in the United States compiled by the National Center for Health Statistics through contractual agreements with state vital statistics offices. The database includes deaths since 1979 and is updated with approximately 2 million deaths annually from all 50 US states, the District of Columbia, Puerto Rico, and the Virgin Islands. All data for a given calendar year are added to the NDI approximately 1 year later. At the time of this study, the NDI death records were complete through the end of 1996. NDI users submit information on as many as 12 potential matching variables, from which returned records are ranked on the basis of a probabilistic scoring mechanism to determine the likelihood of a true match. The user then must decide which NDI records may be associated with the subjects in question (21) .
World Wide Web
On the WWW, the Internet site http://www.ancestry.com provides free access to the death master file created from Social Security Administration payment records (22) . When our study was conducted, the current master file contained over 59.7 million records through the end of June 1998. A person is included in the Social Security Administration death master file if his or her lump sum benefit was paid as a result of a request from, for example, a family member, an attorney, or a mortuary. To be eligible for such benefits, a person must work for at least 10 years and have paid into the social security system. Additionally, some persons (e.g., federal employees hired before 1984, certain state and local employees, and railroad employees serving for more than 10 years) who contribute voluntarily to social security are also included in the Social Security Administration death file. Users of the WWW site submit information on as many as six potential matching variables, from which records are returned if a possible match is made on one or more of the variables. The user then must decide which, if any, WWW records represent the subjects in question.
Comparison study
By using the NDI and WWW, we searched for possible deaths after January 1, 1988, of Harvard alumni and after January 1, 1980, of University of Pennsylvania alumni. No social security numbers were available. The following identifiers were available for matching: first name, last name, full date of birth, sex (none missing), middle initial (23.8 percent missing or blank), and last known state of residence (36.8 percent missing). Identifiers sent to the NDI included all of these variables. Identifiers on the WWW site included first and last name, last known state of residence, and date of birth.
We tracked all information about each search, including number of hours worked, costs, and total calendar time dedicated. For both the NDI and WWW, matches on all provided identifiers were considered definite. Although we had no data on fathers' surnames for the 250 women, a woman whose last name matched the NDI father's surname was considered a definite match as long as all other identifiers matched. Possible matches agreed on all fields except for a minor mismatch on a single field (e.g., date of birth differed by 1 month, day, or year). We presumed that remaining subjects without definite or possible matches were alive. This paper presents data separately for the 750 men and 250 women. In our analyses, we compared results from the Social Security Administration search with the NDI search, our presumed "gold standard."
RESULTS
The NDI search took 3 months to complete (from data set creation to tabulation of results) compared with 3 weeks for the WWW search (table 1) . The total costs, excluding personnel time incurred by the College Alumni Health Study, were $3,050 and $0 (since hardware and software required for searching the WWW already were in place) for the NDI and WWW, respectively. The NDI identified 291 definite deaths, 104 possible deaths, and 605 subjects presumed alive through 1996; the WWW identified 275 definite deaths, 71 possible deaths, and 654 subjects presumed alive through 1998. The NDI and WWW information matched regarding 229 definite deaths and for 561 subjects presumed to be alive. The WWW identified 27 definite deaths after January 1, 1997, which the NDI was unable to identify when the records were searched.
The results for men are shown in table 2. Of 246 definite deaths classified by the NDI, the WWW data agreed on 216 (87.8 percent) of them and classified another 18 subjects (7.3 percent) as possibly dead, 233 of whom matched on the date of death. The WWW therefore identified up to 233 (94.7 percent) of 246 definite NDI deaths. Among the 438 men presumed alive according to the NDI, the WWW agreed on 400 (91.3 percent) of them. However, the WWW classified 27 additional men as definitely (n ϭ 25) or possibly (n ϭ 2) dead after 1996, beyond the time period searched by the NDI. Therefore, the WWW correctly identified 427 (97.5 percent) of 438 men presumed alive according to NDI data. Cross-classifications according to school did not appreciably alter the results for men.
The results of the NDI and WWW searches for women are compared in table 3. The NDI classified 45 definite deaths. However, the WWW agreed on only 13 (28.9 percent) of them and classified 2 (4.4 percent) other subjects as possibly dead, of whom 14 matched on the date of death. Overall, the WWW identified 14 (31.1 percent) of 45 definite NDI deaths. Of the 167 women presumed alive according to NDI data, the WWW agreed on 161 (96.4 percent). In addition, the WWW identified 3 women as definitely or possibly dead after the time period searched by the NDI. Therefore, the WWW correctly identified 164 (98.2 percent) of 167 women presumed alive according to the NDI.
DISCUSSION
This study demonstrated that the WWW may provide an alternative method to determine the mortality status of subjects in epidemiologic studies. We found that the NDI and WWW search results were comparable for men. The WWW identified 94.7 percent of the definite deaths and 98.6 percent of the men classified as presumed alive according to NDI data. However, the NDI appears to be a better strategy for determining the mortality status of women; the WWW identified only 31.1 percent of the women whom the NDI considered definitely dead.
Death searches on the WWW site using the Social Security Administration death master file may be conducted at virtually no cost and in less time than required for an NDI search (table  4) . This is particularly true when the number of records to be searched is small, as it was in this study; for larger numbers of people, the WWW may be less efficient in terms of time and personnel costs. Although the amount of work needed to prepare the data set and evaluate the results is approximately equal for both NDI and WWW searches, NDI searches take longer since the NDI application must be approved and data then forwarded to NDI for processing. The WWW database also receives continuous updates from the Social Security Administration death master file and includes more recent deaths than the NDI does. Although not relevant to our study, the Social Security Administration also provides information on deaths that occurred before 1979 (2); the NDI does not.
However, the NDI has several advantages over the WWW site (table 4) , including greater flexibility when conducting searches. The NDI allows matching on several identifiers that the WWW does not. In our NDI results, the information on father's surname improved our ability to identify deaths of women, whereas the WWW site had no such information. Consequently, the WWW search missed many definite deaths of women, a finding unlikely to have improved even if our sample size had been larger. When NDI searches are conducted, matching on the middle initial may also improve results. The NDI further permits matching on race, marital status, and state of birth. Additionally, NDI Plus is an optional service that provides the coded causes of death for the highly probable matches (21) .
Some limitations of the present study should be considered. First, we created an a priori protocol by which to evaluate the NDI and WWW results. We expected a small degree of misclassification, particularly regarding possible deaths. However, when the NDI and WWW searches were conducted, only 10.4 and 7.1 percent of subjects, respectively, were classified as possibly dead. Second, we found weaker results for women when we used the WWW site. This finding might have been due to the lack of sex as a matching variable for WWW searches or because a large proportion of women may not be included in Social Security Administration records because of eligibility restrictions. Third, College Alumni Health Study data did not contain social security numbers, which improve the sensitivity and specificity of the NDI and Social Security Administration in identifying deaths (3) (4) (5) 11) . This information could have increased the number of deaths identified by the NDI and WWW. Again, this problem would affect a smaller number of men than women and to similar degrees in NDI and WWW searches. Fourth, our promising results regarding the WWW may reflect only higher rates of death ascertainment from Social Security Administration records for men but not for women in the present study of older persons. Finally, we assumed that the NDI was our gold standard; we did not select subjects on the basis of their confirmed mortality status. The Internet and WWW have become integral components of epidemiology and public health for research and dissemination of information (22) . For older men in the present study, we found that the WWW site, which uses Social Security Administration death information, provides results comparable to the NDI when ascertaining mortality status. However, the WWW does not appear useful in determining this information about women. Depending on available resources, size and type of population, and available data, the WWW could be a valid source of mortality information. 
